liEAST- [default.wsp:!] 



P Qle View Edit Tools Window Help ^ 



,[oitfiBi;fiii^iisr^iKii 



hi 



^ L2 

^hS 
^L6 
?9 L7 
L8 
19 L9 

•19L11 

IS L13 



(17040) ats 

(712) (audio adj (tit-^* 
(19095) (bit adj 5hif~ 
(32) 1 and 3 
(9) 2 and 3 
(32) 4 or 5 
(1) 10/766895 
(254)' 369/59.21 
(613) G11B020/20 
(1510) 386/96 
(40763) H04N005/91 
(18) 369/59.21 
(134) 386/96 



I ^^^^ I .^.i^JJiJ^fiJ ;ra'-'g»''^4f ^i^^j^- 



Dofauftspenttor: (oR 7^ 



F^l ttighlighl oD hit terms inrtjaJly 



":3i 



<t;Bf^.fafmJ-*fc-<S&RtoiTiyi:tBtn^9l:RST^ 



Type L # 



BRS 



BRS 

BRS 

BRS" 

BRS~ 

BRS 

BRS 

BRS* 



LI 

:l2' 
:i.3' 
:l4 " 



Hits 



. .Search ■ Text^^ 



17040ats 

7i2 
19095; 
32 



•L5 



. i 

:l6 



:L7 
"lb" 



;9 

;l'" " 



BRS 
BRS " 
BRS ' 
BRS ' 
BRS 



:L9 
'.iio 



■613 

■isio" 



:Lii 

in 2 
■;Ll3' 



;i8 

;134 



(audio adj (title adj 
set) ) 

(bit adj shift") 
1 and's 



US-P 
■GPUB 
;US-P" 
iGPUB 
=US-P 
jGPUB 

lus-p' 

IGPUB 



2007/03/21 
0 10:31 ' 
2607/0372; 
0 10:31 ; 
2067/63/2= 
0 10:31 i 
;2667/6372! 

:o 10:31 ; 



2 and 3 
4' or" 5 
16/766895 
3697¥9\"21 ' 



;US-P 
IGPUB 
;US-P 

'gpub 
jus-p 

IGPUB 

lu's-p 
:gpub 



:GllB020/20 
386/96" 



■US-P 

IGPUB 

iiis-p 

■GPUB 



40763:H04N005/91 



369/59.21 
386/96 



iUS-P 
IGPUB 

fus-p 

•GPUB 

;us-p 

IGPUB 



^2007/03/2= 
;0 10:31 ■ 
;2667/63/2i 
-0 10:33 = 
l2667/6372[ 
jo 10:33 \ 
12007/ 03/i2! 
:0 10:33 ' 

libbi? 03/^ 

;0 10:33 ; 
:2667/63/2r'"'" 

'0 10:34 1 
^2667/63/2! " 
!0 10:34 1 
;2b07/63/2; 
iO 10:34 I 

:26b77b372: 

;0 10:34 ; 



^ Hits O b^te IS KTMLl 



Ready. 



J&JMjt 



us 2004/0257940 Al 



1 



Dec. 23, 2004 



METHOD AND APPARATUS FOR CONTROLLING 
LASER POWER 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The invention relates to a laser power control 
apparatus and a laser power control method 

[0003] 2. Description of the Related Art 

[0004] In recent years, in the fields of an auxiliary storage 
device for a computeTy a consumer video cassette recorder 
and the like, a demand for a rewritable optical disk device 
has been on the rise. Generally, a semiconductor laser light 
source has been employed for formation of a recordiag mark 
on an optical disk. There is a necessity for a semiconductor 
laser to emit a light pulse for formation of a good recording 
mark. In order to form a recording mark^ for example, a 
semiconductor laser is, as shown in FIG. 6, intensity- 
modulated between a peak power and a bottom power to 
perform multipulse light emission. For formation of a 
recording space, a semiconductor laser emits light continu- 
ously for a predetermined time at a bias power. In order to 
secure a stable recording performance, it is necessary to 
control the laser powers precisely. A power character^tic of 
a semiconductor laser, however, is greatly affected by an 
ambient temperature or the like. Accordingly, even if powers 
are set once prior to recording to supply given driving 
currents, the powers have no chance to be kept at the given 
values, resulting in fluctuations in the powers accompanying 
a rise in temperature of a semiconductor laser body or its 
peripheral equipment. 

[0005] As a means to avoid fluctuations in the powers, it 
is usefiil to calibrate the powers in regular intervals. In an 
optical didc format having a sector stnicture, for example, 
there is provided a laser control region in a sector for 
calibrating a laser power one time at each sector. In this case, 
each time a light spot passes over a laser control region, a 
power is calibrated in the laser control region, thereby 
enabling fluctuations in the powers to be avoided. 

[0006] A descr^tion will be given of a power calibration 
method in a laser control region in the conventional art using 
FIG. 9 bebw. 

[0007] (a) When a light spot arrives at a laser control 
region, a given current lopl is supplied to a laser. A 
laser power PI at this time is detected as a laser 
power detection voltage Vml by a laser power 
detecting means including a light receiving element 
and a current-voltage conversion circuit. 

[0008] (b) Then, a given current lop2 is supplied to 
the laser. A laser power P2 at this time is detected as 
a detection voltage Vm2 by the laser power detecting 
means. Hie laser power detection voltages Vml and 
Vm2 are converted by an arithmetic circuit to the 
respective laser powers PI and F2. 

[0009] With such a procedure applied, as shown in FIG. 
10, it is possible to obtain a relationship of a laser power 
with a laser driving current in calibration (hereinafter the 
relationship is referred to "a laser I-L characteristic")- There- 
fore, by driving a laser with a driving cunent corresponding 
to a desired power in the recording region, the laser can be 



driven with a desired power (this scheme is hereinafter 
referred to as ''continuous (DC) light emission sdieme). 

[0010] A problem remains in the continuous light emis- 
sion scheme, however. In a case where a frequency charac- 
teristic of a light receiving element is low, a laser has to be 
driven for a long time at gjven values in order to settle laser 
power detection voltages Vml and Vm2. In a case where a 
laser is continuously emitted at the power P2 of the order of 
a recording peak power as compared with the power PI of 
the order of an erase power, a recording film on an optical 
disk is illuminated with a continuous high power, leading to 
degradation of the recording film formed by vapor deposi- 
tion. In eadi data rewriting, illumination with the continuous 
high power to the recording film was performed and 
repeated for a long time, which would rei^t in inconve- 
niences that not only is the laser control region degraded, but 
the degradation of a recording film is also spread into even 
a data recording region. Since light emission is repeated in 
each of laser control regions continuously at a high power 
for a long time, a lifetime of a semiconductor laser has a high 
possibility to be shortened. 

[0011] As a method to avoid the problem as described 
above, there has been disclosed a method as taught in, for 
example, Japanese Laid-open Patent Publication No. 2000- 
244054. A description will be given of a power calibration 
method in a laser control region in Japanese Laid-open 
Patent Publication No. 2000-244054 with reference to 
FIGS. 11 and 12. 

[0012] FIG. 11 is a block diagram of a configuration of a 
laser control ^paratus in Japanese Laid-open Patent Publi- 
cation No. 2000-244054. FIG. 12 is an operation sequence 
diagram of the qyparatus. 

[0013] (a) When a hgjtit spot arrives at a laser control 
region, a driving current lopl is si^pHed to a laser by 
a laser driving circuit 140 to perform a continuous 
(DC) light emission at the bias power PI. 

[0014] (b) A light emissicMi power at this time is 
detected by a laser power detecting means 100. The 
laser power detecting means 100 is constituted of a 
light receiving element 101, a curront-voltage con- 
version circuit 102, a peak detecting circuit 116, a 
bottom detecting circuit 115 and a multiplexer 117. 

[0015] (c) The multiplexer 117 is configured so as to 
select a peak detection voltage y ou^utted feom a 
peak detecting circuit 116, a bottom detection volt- 
age z outputted from a bottom detecting dicuit 115 
and a through output x of the current-voltage con- 
version circuit 102 according to control signals v and 
w from the outside. 

[0016] (d) In continuous (DC) light emission at an 
erase power PI, the through output x is selected by 
the multq>lex 117 to ou^ut Vml as a laser power 
detection voltage. 

[0017] (e) In succession, driving currents k)p2 and 
lop3 are supplied while being switched therebetween 
to the laser to thereby perform pulse light emission 
between a recording peal power P2 and a bottom 
power F3. 

[0018] (f) A ligjit emission power at this time is 
detected by the laser power detecting means 100. In 
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this situation, there is outputted a switching wave- 
form between Vm2 and Vm3 as a through output x 
from the current-voltage conversion circuit 1Q2. 
From the peak detecting circuit 116, there is output- 
ted a peak detection output y in which the peak level 
Vm2 of the through output x is held for a given 
period. From the bottom detecting circuit 115, there 
is outputted a bottom detection output z in which the 
bottom level Vm3 of the through output x is held for 
a given period The peak detection output y and the 
bottom detection output z are selected by the multi- 
plexer 117 in a proper maimer to output Vm2 or Viii3 
as a laser power detection voltage. 

[0019] The laser power detection voltages Vml, Vm2 and 
Vm3 produced in such ways aie converted to digital values 
by the AD conver^on circuit 121 to further convert the 
digital values to laser powers PI, P2 and P3 with an 
arithmetic processor 125. Thus, an I-L characteristic of the 
laser can be produced by the arithmetic processor 125. 

[0020] With such a construction adopted, the same output 
as a detection output obtainable by continuously driving a 
semiconductor laser itself for a long time can be produced 
from the peak detecting circuit 116 since the peak level Vm2 
is held for a given period. In this scheme, since the semi- 
conductor laser emits hght pulses, so a laser power illumi- 
nated to a recordiiig film is reduced as compared with a 
continuous (DC) light emission scheme, damage caused on 
a recording film decreases, thereby enablii^ reduction in 
lifetime of a semiconductor laser to be alleviated. 

[0021] Even in the above scheme having the construction, 
there have been remained problems. In a case where a higher 
speed recording is tried, or in a case where a higher precision 
DC characteristic is requested by a laser power detecting 
unit and a firequency characteristic of a current-voltage 
conversion drcuit can not be sufficiently secured, an output 
of the current-voltage conversion circuit does not reach Vm2 
or VmS to thereby reduce a power detecting precision. 
Fiurthermore, in a case where a width of a light pulse is 
increased for the purpose to cause an output of the current- 
voltage conversion circuit to reach Vm2 and Vm3, there 
occur inconveniences such as damage caused on a recording 
film, reduction in lifetime of a semiconductor laser and the 
tike in a similar way to that in the continuous (DC) light 
emission scheme. 

SUMMARY OF THE INVENTION 

[0022] It is an object of the invention to provide a semi- 
conductor laser power control method capable of correctly 
controlling a laser power at a desired level even in a case 
where a frequency characteristic of a laser power detecting 
means is not sufSciently secured. 

[0023] In accordance with one aspect of the present inven- 
tion, there is a method for controlling a laser power used in 
recording on an optical disk, the method including: 

[0024] causing the laser to emit a test light emission 
pattern including a multipulse light emission interval 
in which a pulse current intensity-modulated 
between a peak value current and a bottom value 
current in formation of a recording mark onto the 
optical disk is supplied to thereby cause the laser to 
emit light pulses; and an at-bottom value continuous 



light emission interval in which the bottom value 
current is continuously supplied for a predetermined 
time to thereby cause the laser to emit light continu- 
ously; 

[0025] receiving the test light emission pattern of the 
laser to convert the pattern to an electric signal and 
to thereby obtain a light detection signal; 

[0026] calculating a detection value of a multqiulse 
average vahie from the average value of the light 
detection signal in the multipulse light emission 
interval, and calculating a bottom detection value 
from the light detection signal in the at-bottom value 
continuous light emission interval to thereby obtain 
a light emission power characteristic of the laser on 
the supplied current based on the detection value of 
the multq>ulse average value and the bottom detec- 
tion value; and 

[0027] controlling the current supplied to the laser 
based on the light emission power characteristic on 
the current supplied to the laser. 

[0028] In the step of causing the laser to emit the test light 
emission pattern, the test light emission pattern used pref- 
erably further includes an at-bias value oontimious light 
emission interval in which a bias value current in formation 
of a recording space is supplied continuously for a prede- 
termined time to thereby cause the laser to emit light 
continuously. In this case, in the step of obtaining the light 
emission power characteristic of the laser, a bias detection 
value is fiirtl^r calculated based on the light detectk}n signal 
in the at-bias value continuous light emission interval to 
thereby obtain the light emission power characteristic of the 
laser on the supplied current based on the bias detection 
value, the detection value of a multipulse average value and 
the bottom detection value. 

[0029] In the step of causing the laser to emit the test light 
emission pattern, the test light emission pattern used pref- 
erably further includes a ^ntaneous light emission interval 
in which a current less than a thre^old current at which the 
laser emits light is siqyplied to the laser to cause spontaneous 
light emissioxL In this case, in the step of obtaining the light 
emission power characteristic of the laser, an o£Eset is 
detected based on a detection value of the light detection 
signal in the ^ntaneous light emission interval. 

[0030] In the step of causing the laser to emit the test light 
emission pattern, the test light emission pattern used pref- 
erably further includes a light-off interval in which a sup- 
plied current is set substantially to zero to turn the laser off. 
In this case, in the step of obtaining the light emission power 
characteristic of the laser, an offset is detected based on a 
detection value of the light detection signal in the light-off 
interval 

[0031] In a laser power control method related to the 
invention, a time width Tmp of the multipulse light emission 
interval preferably satisfies the following relation with 
respect to a time width Tmax of the longest recording mark 
of data in a recording region of the optical disk: 

Tmax^mp. 

[0032] The time width Tmp of the multipulse tight emis- 
sk)n interval preferably satisfies the following relation with 
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cespect to a wobble cycle X»bi on a recording track of the 
optical disk: 

[0033] A time width Tb of the at-bottom value continuous 
light emission interval preferably satisfies the following 
relation with respect to a time width Tmax of the longest 
recording mark of data in a recording region of the optical 
disk: 

Tmax^Tb. 

[0034] The time width Tb of the at-bottom value continu- 
ous light emission interval preferably satisfies the following 
relation with re^ct to a wobble cycle on a recording 
track of the optical disk: 

[0035] A time width Tmp of the mult^ulse light emission 
interval and a time width Tb of the at-bottom value con- 
tinuous light emission interval preferably satisfy the follow- 
ing relation with reflect to a time width T^pcam during 
which scanning is performed over a laser power control 
region provided on the optical disk fiDr oontroUing a power 
of the laser 

TmiM-Tb-^,pe««r 

[0036] A time width Tb of the at-bias value continuous 
light emission interval preferably satisfies tt^ following 
relation with respect to a time width Tmax of the longest 
recording mark of data in a recording region of the optical 
disk: 

[0037] A time width Te of the at-bias value continuous 
light emission interval preferably satisfies the following 
relation with reject to a wobble cycle on a recording 
track of the optical disk: 

[0038] A time width TO of the spontaneous light emission 
interval preferably satisfies the following relation with 
respect to a time width Tmax of the longest recording mark 
of data in a recording area of the optical disk: 

Tinax<^. 

[0039] The time width TO of the spontaneous light emis- 
sion interval preferably satisfies the following relation with 
respect to a wobble cycle on a recording track of the 

optical di.<Jc; 



[0040] A time width TO of the light-off interval preferably 
satsfies the following relation with respect to a time width 
Tmax of the longest reoordir^ mark of data in a recording 
area of the optical disk 

Tmax<fn). 

[0041] The time width TO of the light-off interval prefer- 
ably satisfies the following relation with respect to a wobble 
cycle T^i on a recording track of the optical disk: 



[0042] In a laser power control method related to the 
invention^ in the spontaneous Hgbt emission interval, a 
current Ij^ supplied to the laser preferably satisfies the 



following relation with respect to a threshold current Ith of 
the laser: 

[0043] In the spontaneous light emission interval, a cur- 
rent I],^ supplied to the laser more preferably satisfies the 
following relation with respect to a threshold current Ith of 
the laser 

Itfa/4§Ited$&h*)l 

[0044] In the spontaneous light emission interval, a cur- 
rent Ii^ supplied to the laser further more preferably satisfies 
the foUowing relation substantially with respect to a thresh- 
old current Ith of the laser 

[0045] An apparatus for controlling a power of a laser 
used in recording on an optical disk including: 

[0046] a fomutter haviiig a test light emission pattern 
including a nniltipulse light emission interval in 
which a pulse current intensity-modulated between a 
peak value current and a bottom value current in 
formation of a recording marie onto the optical disk 
is supplied to the laser to thereby cause the laser to 
emit light pulses; and an at-bottom value continuous 
light emission interval in which the bottom value 
current is continuously supplied to the laser for a 
predetermined time to thereby cause the laser to emit 
light continuously; 

[0047] a laser driving unit supplying a current to the 
laser based on the test light emission pattern trans^ 
mitted from the formatter to cause test light emis- 
sion; 

[0048] a laser power detecting unit receiving the test 
light emission pattern of the laser to convert the 
pattern to an electric ^gnal and to thereby obtain a 
light detection signal; and 

[0049] an arithmetic unit which calculates a detection 
value of a mult^julse average value firom the average 
value of the light detection signal in the multipulse 
light emission interval, and which calculates a bot- 
tom detection value from the light detection signal in 
the at-bottom value continuous light enussion inter- 
val to obtain a light emission power characteristic of 
the laser on a supplied current based on the detection 
vahie of a multipulse average value and the bottom 
detection value, and to control the current supplied to 
the laser based on the light emission power charac- 
teristic. 

[0050] In a laser power control apparatus related to the 
invention, the test light emission pattern preferably forther 
includes an at-bias value continuous light emission interval 
in which a bias value current in formation of a recording 
space is supplied to the laser continuously for a predeter- 
mined time to thereby cause the laser to emit Hght continu- 
ously. In this case, in the arithmetic unit, a bias detection 
value is further calculated based on the tight detection signal 
in the at-bias value continuous light emission interval to 
thereby obtain the light emission power characteristic of the 
laser on the supplied current based on the bias detection 
value, the detection value of the multipulse average value 
and the bottom detection vahie. 
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